Abstract: The aim of this study was to evaluate the effects of pulsed CO 2 laser irradiation on human pulp fibroblast.
Introduction
Pulp is a connective tissue consisting of odontoblast and pulp cells in which formation of reparative dentin in patients is stimulated by dental caries and cavity preparation as a defensive mechanism 1) .
The major component of the matrix that makes up the pulp is generally a connective tissue composed of collagen and proteoglycan and non-collagenous protein 2) such as osteopontin 3, 4) , osteocalcin 5) , DMP1 6, 7) are produced.
In addition, TGF-β contained in the dentin, released by pulp cells has been reported to affect differentiation features of odontoblasts pulp cells when stimulated during the treatment of caries 8, 9) .
Carbon dioxide (CO 2 ) laser used in direct pulp capping has been reported to form dentin bridge due to the formation of secondary dentin 10, 11) . In addition, CO 2 laser has an excellent effect in thermal incision of soft tissue dissection which has been widely applied in root canal therapy [12] [13] [14] . However, many of such mechanisms of action are not clear yet. Therefore, the goal was to analyze the impact of CO 2 laser in dental pulp cells by subjecting the dental pulp cells to CO 2 laser irradiation. Heat-affected zone and gene expression of calcification by RT-PCR were carried out.
Materials and Methods
The study was conducted based on the provisions of Tsurumi University Dental School Ethics Committee.
Laser irradiation and cell culture
Cultured human dental pulp fibroblasts not more than 7 passages were harvested from third molars obtained from Tsurumi University Dental Hospital. 
Measurement of cell number
The culture dish were washed twice with 10ml PBS (Dulbecco's, Dainippon Pharmaceutical Co., Osaka) and Table 2 The number of pulp fibroblast cells min. Then after, PCR products were run in 4.5% polyacrylamide gel stained with ethidium bromide using electrophoresis. Figure   2 shows a schematic view of the experimental method.
Results
The amount of protein in each sample increased after laser irradiation but the amount of calcium and phosphorus did not increase ( Table 1 ). The number of viable cells in laser irradiated samples significantly increased (p<0.01, Table 2 ).
HSP27 and 60 mRNA expression were detected in both control and laser irradiation groups. HSP70 was only expressed in laserirradiated group (Table 3) . OC mRNA was detected in both control and laser irradiation group but OP, DMP1 and TGF-β were not detected in laser-irradiated group ( Figure 3 , Table 3 ).
Discussion
Among the high-powered laser used in direct pulp capping, CO 2 laser has been reported in the formation of dentin bridge as a secondary dentin due to irradiation effect 10, 11) . The mechanism of CO 2 laser irradiation conditions was previously studied 12, 13) the impact on pulp cells and the metabolic situation and mineralization state of dental pulp fibroblasts in culture using CO 2 laser irradiation was further investigated and the protein in the culture supernatant and the amount of calcium and phosphorus production were determined. As a result, laser irradiation increased the amount of protein in the samples compared to the control group.
Also, the cell number increased significantly in the laser irradiated group. Pulp cells subjected to laser irradiation showed a continuous metabolic activity, which was thought to have resulted to the increased in the amount of protein in the supernatant.
However, the amount of calcium and phosphorus did not increase.
Therefore the search for gene expression of calcification markers OP 2, 3) , OC 4) , DMP1 5, 6) as well as the thermal effect of laser irradiation was further confirmed by gene expression of HSP through RT-PCR.
As a result, OC gene expression was observed in both control and laser irradiated group. It has been reported that OC is specifically expressed in osteoblasts and TGF-β can inhibit OC gene expression 8, 9) . Moreover, Nishikawa 5) found out that TGF-β inhibits the expression of OC in cultured pulp cells as well as in osteoblasts. In the present study, although the expression of TGF-β was not observed, OC expression was still detected. Moreover in both control and laser irradiated groups, markers of calcification such as OPN and DMP1 were not observed. The amount of calcium and phosphorus in the culture supernatant did not increase compared to the control group. The results suggest that CO 2 laser irradiation is working on cell metabolic activity.
Further, the stress stimulation effect of CO 2 laser irradiation on cultured cells and gene expression of HSP protein was searched.
Stress proteins protect cell against damage caused by stress and they have a role in early recovery and increasing survival rate.
Major stress proteins depend on species and are classified according to molecular weight 15) . HSP60 is involved in the folding of peptide in the mitochondria; HSP27 is a low-molecular weight protein detected during stress. In addition, HSP27 has been reported to be involved in apoptosis 16) . The gene expression of HSP27, 60, 70 was investigated but only HSP70 expression was detected in laser irradiated samples.
HSP70 has been suggested to be a cytoprotective protein acting on stress state, low-temperature stress stimulus and activates MAP kinases. HSP70 when exposed to high temperature is involved in the increased of pMKP-1 17) . In this study, a detailed increased in temperature in laser irradiation was not performed. Nevertheless, HSP70 expression warrants further studies in determining the mechanism.
Kitamura et al 18) suggested the role of HSP70 in inhibiting apoptosis and the possibility of wound healing in dental pulp fibroblasts. In the present study, HSP70 only occurred in laser irradiated samples suggesting that laser stimulation may be involved in the inhibition of apoptosis possibly by regulating HSP70. Future researches focused on intracellular signal transduction system may be considered. 2) CO 2 laser irradiation may be involved in the regulation of apoptosis.
